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ABSTRACT 
This project concentrated on the development and subsequent results of 
an integrated deinking system. Although the chemistry and basic principles 
are quite different, a few European companies are successfully combining the 
two·systems by taking advantage of the differences. 
Advantages of an integrated system over the conventional type included 
higher brightness, lower ash content and decreased sensitivity to particle 
size. 
The experiment consisted of two different two-stage deinking systems. 
Each system was run twice; once with a sodium-precipitate chemistry and once 
with a calcium precipitate chemistry. 
The system with first stage flotation, second stage washing and sodium 
chemistry was determined to be the most efficient. 
ii 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS 
ABSTRACT 
TABLE OF CONTENTS 
INTRODUCTION 
OVERVIEW OF FLOTATION PROCESS 
FLOTATION PARAMETERS 
Ink Particle Size and Shape 
Control of Air Volume and Bubble Size 
Consistency and Temperature 
pH and Hardness 
OVERVIEW OF WASHING PROCESS 
WASHING PARAMETERS 
WASTES TOCK 
PR IN TING INKS 
CHEMICALS 
INTEGRATED SYSTEM 
EXPERIMENTAL DESIGN 
EXPERIMENTAL PROCEDURE 
CONCLUSIONS 
RESULTS 
SUGGESTIONS FOR FURTHER STUDIES 
BIBLIOGRAPHY 
iii 
Page 
i 
ii 
iii 
1 
2 
4 
4 
4 
5 
5 
6 
7 
8 
9 
10 
13 
14 
18 
20 
24 
25 
26 
INTRODUCTION 
The processes used for deinking wastepaper have always varied from mill 
to mill due to the variation of the stock and the different types of inks. 
The removal of the contaminants and ink particles is a complex subject, with 
numerous variables and mechanisms that must be considered and understood when 
designing a 
4 process. In recent years economic, environment a 1 and product 
quality concerns have resulted in a situation which makes overall system 
design much more critical. Also, when developing a deinking system, it is 
important to consider the simplicity of the design and operation. Unless a 
significant benefit can be obtained by designing the system more complex, 
such as chemical or energy savings, it is best to keep the system as simple 
as possible. 
Recently research has concentrated on the development of an integrated 
process in which the pulp suspension is initially washed and then floated at 
1 . 
1 , 11 W h' a ow consistency. as 1ng and flotation are the two primary methods of 
deinking wastepaper. Worldwide 65% of all deinking is by the flotation.
5
•
8 
In 
North America less than 20% of deinking is by flotation while its used 
greater than 85% of the time in Europe and Japan. Priorities explain the 
reason for the wide difference. In North America high brightness and strength 
properties are of major concern while in Europe and Japan it's water consump-
tion. 
OVERVIEW OF FLOTATION PROCESS 
In this experiment, the pilot plant Voith flotation cell will be used. 
The flotation cell has a shaft that hangs down vertically to the center of 
the cell with an impeller attached at the bottom end (see Figure 1). The 
impeller draws gray stock from the bottom of the cell and forces it upward. 
At the same time air is also drawn in from below and mixed with the gray 
stock. l
O 
This suspension is blended with the flotation chemicals and the
turbulence produced by the impeller provides the necessary fine air disper­
sion and a uniform distribution of stock. The turbulence improves the 
deinking efficiency and reduces fiber fines loss by keeping the fibers in a 
uniform suspension. 
Hollk and Muller described the principle of flotation as "the separation 
of colour and other inorganic pigments from fibers in a suspension by means 
of air bubbles according to the different wet tabi 1 it ies of the components. 11
13 
The ink separation ocurrs in two stages. 
In the first stage, chemical, mechanical and thermal action break down 
the waste paper into individual fibers and saponsify the ink binders.
12 
The
ink particles are deposited by the collecting agents (soaps) onto the air 
bubbles and rise to the surface of the suspension forming a froth. In stage 
two, the froth accumulated on the surface of the cell is skimmed off by 
rotating paddles while the accepts are directed through a siphen at the 
bottom of the overflow. 
The success of the flotation cell as a deinker depends on a number of 
physical and chemical variables. 
2 
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FLOTATION PARAMETERS 
The variables which most effect the flotation process are; ink particle 
size and shape, size of the air bubbles, consistency and temperature of the 
stock, pH and hardness of the stock, dwell time in the cell, and the type of 
chemicals used. 
Ink Particle Size and Shape 
One advantage that the flotation process has is that it can remove 
particles effectively 
14 
over a much wider range than the washing process. 
Typically ink particle size varies from one to 150 microns but to obtain 
maximum efficiency it is essential that the particles grow, by addition of 
the collector to 20-180 microns. Studies have shown that as the particle size 
drops below five microns the efficiency decreases drastically. 
8 
Also, in 
another study by Mack, particles greater than 25 microns almost entirely 
remain in the stock suspension where they form the larger particles necessary 
in the flotation process. 
Control of Air Volume and Bubble Size 
The volume of air introduced into the cell exerts a strong influence on 
ink removal but an upper limit exists beyond· which further addition of air 
would not improve 
10 
the performance of the cell. More important is the air 
bubble size. As the diameter of the bubble decreases, the total surface area 
of a certain volume of air increases, which greatly increases the opportunity 
for air/ink contact and attachment. Bubble size also has a lower limit. A 
study by Hollk and Muller showed that when bubble size was too small they 
were not stable in froth form and the ink particles would detach back into 
suspension.
13 
The size of the air bubbles are controlled by varying the shear 
4 
5 
velocity in each cell while maintaining the proper velocity profile.
10
Consistency and Temperature 
The optimum consistency in the flotation is between 0.5 and 1.0 percent 
At higher consistencies, the fiber loss increases and more contaminants are 
trapped betweeen the fibers and are not floated out of .the suspension. 
Generally, the temperature 
0 14 
in the pulper is between 40 and 60 C. At 
lower temperatures the pulping time increases and results in more rejects. 
Also, in a study by Raimondo, brightness increases as the temperature in­
creases within limits. At higher temperatures, the fibers are degraded and 
are useless in papermaking. 
pH and Hardness 
The pH varies between the pulper and the cell in the flotation pro-
12 
cess. In the pulper the pH should be between 10.0 and 10.5. Maximum
ink/fiber separation occurs at this pH level but above 10.5 the fiber is 
damaged plus fiber swelling causes ink to redeposit onto the fiber. 
Water hardness is a very important parameter in deinking especially in 
the flotation process. Generally, the hardness level is held between 200 and 
250 ppm as calcium carbonate (Caco
3
). At this level the calcium soaps 
(collectors) will adequately precipitate in the suspens�on. 
A new method, suggested by Dr. A. Schlager of Darling and Company 
Chemicals, is to chelete the calcium ions and precipitate sodium soaps. 
Advantages this method has over the calcium system is that the scale build-up 
from the calcium would be less than with sodium and there would be less 
chemical carryover in the sodium system. 
OVERVIEW OF WASHING PROCESS 
In the washing stage of the experiment a Baker extractor/screw press was 
used. In recent years the screw press has become increasingly popular in high 
consistency conventional washing systems and in the integrated systems seen 
in Europe. The pilot plant screw press has a flight screw rotating in a 
closed cylinder and is inclined at approximately 60 degrees. The gray stock 
enters the lower end of the screw press and is conveyed to the top by the 
screw for discharge.
4 
The main dewatering mechanism is gravity. 
The washing system, once the inks is separated from the fiber, becomes a 
purely mechanical process. The process is based on two principles. The first 
is the attempt to maximize the size differential between the ink particles 
and the fibers in order to achieve maximum efficiency.
16 
Second, if the ink 
particles are smal 1, the amount of ink removed is theoretically proportional 
to the amount of water removed.
5 
Unlike the flotation system, the success of 
the washing process depends mainly on physical variables. 
6 
WASHING PARAMETERS 
In addition to particle size, the efficiency and operation of the screw 
press depends on freeness, inlet consistency, screw speed and inlet pressure 
primarily to controlling the capacity and degree of thickening from the 
unit. 
4 
Freeness of the stock was assumed constant since identical waste was 
used and there was no refining of the fibers. Also, the screw speed and inlet 
pressure were assumed constant since neither could be adjusted on the control 
panel, i.e, each had only one setting. 
Inlet consistencies of one to three percent are typical for the screw 
press although lower consistencies allow for increased ink removal but 
dramatically increases the water consumption. At higher consistencies, less 
ink particles are removed which reduces the brightness. Discharge consisten­
cies of 8 to 10 percent are common but higher consistencies of 12 to 14 
percent decreases the water consumption without decreasing the brightness. 
7 
WASTES2TOCK2
The2 major2 grades2 of2 waste2 used2 in2 secondary2 fiber2 processing2 are2 bulk2
grades2 (news),2 OCC2 (old2 corrugated2 containers)2 and2 mixed.2 Most2 secondary2
fibers2 are2 used2 in2 tissue2 papers2 and2 paperboard2 although2 a2 small2 amount2 is2
mixed2 with2 virgin2 pulp2 for2 printing-grades.2 For2 the2 sake2 of2 the2 experiment,2
magazine2 grade2 printed2 paper2 was2 used2 because2 of2 its2 high2 filler2 and2 ink2
content.2 Typically2 it2 will2 contain2 one2 to2 five2 percent2 ink2 and2 25%2 filler.
112
8 
PRINTING INKS 
Most* of* the* waste* paper* used* today* is* --printed* with* dispersable* inks*
which* can* be* easily* removed* with* modern* technology.* The* majority* of* the* inks*
used* consist* of* three* parts:* color* base* (pigment),* binders* and* additives.
13*
The* color* base* is* usually* inorganic* carbon* black* or* white.* Insoluble* and*
soluble* organic* dyestuff*
12 
are* also* used.* The* types* of* binder* used* are* varied*
and* usually* cause* the* most* trouble* in* the* deinking* process.* They* can* be*
natural* or* synthetic* resins,* drying* or* mineral* oils,* cellulose* derivatives* or*
synthetic* latexes* among* others.* The* most* often* used* additives* are* optical*
brightners,* natural* or* synthetic* oils* and* wax* dispersions* and* are* generaly*
used* to* improve* the* inks.or* the* brightness.*
9 
CHEMICALS 
Although there is a basic formulation, the chemicals used in the 
deinking process vary from mill to mill with each mill finding the exact 
make-up that works best for them depending on the parameters discussed. The 
basic requirements of the deinking chemicals is to remove the ink particles 
from the fibers with minimum fiber damage, to disperse the ink particles 
freely in the pulp suspension and to keep the ink from redepositing on the 
fibers. One of the major problems in the design of an integrated system is 
the chemical make-up. The chemistry of these two systems is totally different 
and each is based upon almost opposite principles. The flotation system 
attempts to keep the ink particles ,wit•hin ,a ,range of pa.rticle sizes (a range, , ., , 
much larger than do washing systems) while the washing systems attempt to 
maximize the size differential between the ink particles and fibers. 
Recently the fact that the two methods are so different has been used as 
an advantage in the design of an integrated system. Theoretically, each 
method attempts to keep the ink particles within certain values (the flota­
tion systems between 5 and 150 microns and the washing system approximately· 
one micron) but in practice each method generally produces a much larger 
range than desired. Therefore, the systems produced particles that they can 
not remove efficiently but with the integrated system, which is theoretically 
insensitive to particle size, the larger particles are removed in the 
flotation cell and the smaller particles during the washing stage. It was 
assumed in this experiment that an average particle size of fifty microns 
would produce a range of particles between one nnd 150 microns. 
Inks on magazine grade contain organic oil vehicles or binders which are 
used to attach the inks to the fiber during the printing process. The binders 
10 
11 
must be soponified in order to release the ink particles from the fibers.
11 
Caustic soda (2-5%) will solubilize the binders and a small amount of solvent 
surfactant (1%) will aid in the dispersion and emulsification of the 
binder.
2
'
8 
It is necessary to maintain alkaline conditions during the repulp­
ing stage to obtain maximum effectiveness from the surfactant. 
Choosing the correct surfactant to obtain the optimum dispersion, ink 
particle size, etc. was important to the success of the experiment. There are 
a number of surfactants, all of which react differently in the pulp suspen­
sion. According to Mah each potential surfactant can be evaluated using four 
specific criteria:
9 
1. Color of deinking liquor
2. Ink dispersion"
3. Deinked pulp brightness and cl�anliness
4. Foamability of the deinking liquor.
Color is defined as the blackness of the deinking liquor. A black liquor 
indicates a good ink dispersion and removal while a grayish tint of the 
pulper stock indicates poor dispersion. Final brightness and incremental 
brightness are measured directly using a brightness tester and usually 
indicates the deinking efficiency. Cleanliness of the pulp fibers can be 
determined through microscopic examination of the brightness pad. Ink disper­
sion and foamability are easily evaluated by judgemental techniques using the 
naked eye. Upon close examination of the stock sample, ink particles should 
be visibly detached from the fibers but if the particles are too large that 
would mean either incomplete dispersion or reagglomeration of the ink par­
ticles onto each other. In general Mah found that surfactants with long 
hydrophilic chains are most effective but also create the most foam. Surfac-
tants with long hydrophobic chains had the opposite 
9 
results. Finally, 
depending on whether the sodium or c.alcium system is used, calcium chloride 
12 
or a chelating agent will be added to adjust the hardness level. After a 
dwell time of 30 minutes the stock was either pumped through the screw press 
or to a storage chest where an additional chemical is needed. 
While the washing system relies mainly on gravity to separate the ink 
particles from the fibers, the flotation system depends on a fundamentally 
different pr1nciple: the inherently hydrophobic nature of the ink par­
ticles.16 Since the particles have no affinity for the aqueous phase but are 
attracted to the hydrophobic surfaces, they have a natural tendency to float 
to the surface of the cell. In ,order to obtain this hydrophobic system, ai'r' 
bubbles and a collecter chemical are introduced into the flotation cell. The 
collector chemical used in this experiment was oleic acid, a long-chain fatty 
acid. The stock out of the pulper had a pH between 10.0 and 10.5 ·and oleic 
acid was added until the pH dropped to between 9.2 and 9.5. At this point the 
conversion rate in the system (to a precipitate of calcium in the cai"cium 
system or sodium precipitate in the sodium system) is maximized. If the pH is 
outside this range, the conversion rate is considerably less than the maximum 
and the efficiency in the cell decreases. 
INTEGRATED SYSTEM 
The advantages of -the--integrate.d-,-sys-tem are -a high -rate of ink particles - . " 
removed regardless of particle size, low ash content, less chemical carry­
over, lower water and energy consumption and good purification from sticky 
thermoplastic substances.
1 
The end result of the high removal rate of both ink particles and ash is 
the brightness of the pulp. Brightness measurement has been and is now the 
principle means of evaluating deinking results and is one of the major 
concerns of any finished product in the paper industry. Another result is a 
softer, stronger sheet for the production of tissue paper. 
Lower chemical carryover occurs mainly . because there- is -less soap 
carryover from the flotation phase and it can be reduced even more if the 
17 
soap is introduced at the suction of the flotation fan pump. By adding the 
soap at the fan pump, there is less chance for chemical absorption into the 
fibers, and this will result in higher fiber quality. 
While this system does not have both lower water and lower energy 
consumption than either of the conventiona 1 systems, it wi 11 theoretically 
have a higher combined water and energy savings compared to either of the 
other two systems. The integrated system will use less water than the washing 
method and less energy than the flotation method. 
According to Koffinke the integrated system reduces the amount of 
stickies that reach the paper machine even when using as high as 50% deinked 
17 
stock. 
13 
EXPERIMENTAL DESIGN 
As the amount of paper and paperboard needed increases, the paper 
industry will soon (if they have not already) begin to cut pulps trees at a 
faster rate than they can be regrown. Therefore, in the future, recycled 
paper will have a greater importance but new systems will have to be designed 
to increase the quality of recycled paper to meet the standards of the 
industry. One of these will be the integrated deinking system with its 
combination of washing and flotation stages. 
The objective of this study was to determine which of the four different 
systems produced stock with the highest quality. All four systems used two 
stages; one washing stage and one flotation stage. The first system (Figure 
2) had first stage washing and second stage flotation and used the cheleting
agent to tie up the calcium ions to percipitate the sodium salt. The t-hird 
system used the same sequence for deinking the stock but calcium chloride was 
added to precipitate the calcium salt. Runs number two and four (Figure 3) 
had first stage flotation and second stage washing but number two used the 
sodium method while number four used the calcium. 
Samples were taken at five locations for each run; in the pulper, first 
stage accepts and rejects, and second stage accepts and rejects. Brightness 
pads were formed from each sample and brightness and ash content were 
determined for each sample. The samples were also run through the clark 
classifier to determine the weighted average fiber length of the pulp. 
Finally each sample was examined under the scanning electron microscope 
(SEM) to determine the cleanliness of each of the samples. Unfortunately, it 
was impossible to identify the particles thut remained in the accept samples 
because the paper department at Western Michigan University has not yet 
14 
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purchased the Energy Dispersive X-Ray System (EDX). Nevertheless, the SEM 
helped to determine which system produced the cleanest pulp, i.e., the pulp 
of highest quality. 
EXPERIMENTAL PROCEDURE 
The first step in the - deinkh1g -proe-ess�was to --repulp and screen the 
stock in preparation for ink removal. The prepatory methods for washing and 
flotation are nearly identical because it depends mainly on the type of 
secondary fibers and inks than the deinktng method. For experimental purposes 
the exact same method was used to reduce the variables (Figure 3). The water, 
chemicals, steam and waste stock (in that order) were emptied into the 
hydropulper for 30 minutes at 6o0c, and a pH of 10.33. The stock was split
into two equal batches for runs one and two and the batch for run one was 
diluted to 1.2%. The hardness was reduced from 150ppm to 60ppm by adding 2.75 
liters of Cheleting agent.· After the· first· stage screw press, the consistency 
was 12. 7%. The stock was diluted to 0.60% and 165 grams of oleic acid was 
added to reduce the pH to 9.9 and 2.5 liters of Cheleting agent was added to 
reduce the hardness to 58ppm. The dwell time in the flotation cell was 30 
minutes. 
The second batch for run three was diluted to 1.2% and 1750 grams of 
calcium chloride was added to increase the hardness from 150ppm to 273 ppm. 
After the first stage screw press the stock was diluted to 0.60% (to match 
the consistency in the flotation cell in run one) and 350 grams of calcium 
chloride and 110 grams of oleic acid was added to adjust the hardness to 265 
ppm and the pH to 9.35. The dwell time in the cell was 30 minutes. 
The prepatory methods for the second pulper were exactly the same as the 
first and it was also split into two equal batches. The batch for run two was 
diluted to 0.90°/. and 2.25 liters of Cheleting Agent and 110 grams of oleic 
acid were added to adjust the hardness to 36 ppm and the pH to 9.4. The dwell 
time in the cell was 30 minutes. After, the pH was adjusted to 10.1 by adding 
18 
19 
caustic and the stock was run through the screw press. 
The last batch for run four was also diluted to 0.90°/. consistency and 
1.5:J grams of calcium chloride, SO grams of caustic and 110 grams of oleic 
acid was added to adjust the hardness to 254 ppm and the pH to 9.3. The dwell 
time in the cell was 30 minutes. Afte.r, the pH-was adj-usted -to 10.2 by adding 
caustic and the stock was run through the screw press. A problem occured in 
this run when the screw press plugged. While trying to free the screw, brown 
stock, apparently left from a previous experiment and stuck in the corners of 
the machine, mixed in with the deinked stock. The stocks were hand separated 
before the brightness pads were made. 
It should be noted that all water dilutions and chemical additions were 
by the trial and · error method, i.e., a· measured amount was added and the 
parameter calculated and then the method repeated until the desired level was 
obtained. 
CONCLUSIONS 
The experiment generated very int·eresti11g and conclusive results. The 
final brightness, incremental brightness, final ash content and incremental 
ash were all higher for runs two and four (first stage flotation) than they 
were runs one and three (first stage washing) and by a considerable margin 
(Figures 4 and 5). A comparison of the Clark classification between the first 
stage washing system versus the first stage flotation systems gave conclusive 
results after the first stage but after the second stage, the first stage 
flotation systems retained a lower percentage of the fiber fines. 
In a comparison between the systems with the same first stage but 
different chemistry (either so·ditlm · ·o'r· calcium) the calcium s·ystems had a 
slightly higher final brightness and larger incremental increases after the 
first stage in both brightness and ash content while the sodium systems. had 
slightly larger incremental increases after the second stage. The fiber 
classification was very similar between the systems, each retaining about the 
same percentage of fibers in each section. 
Over al 1, the system of run number two ( first stage flotation, sodium 
chemistry) was better than even though it had similar results to run number 
four. The difference is that the sodium system reduced the amount of chemical 
carryover, improving the quality of fibers produced, and reducing the scale 
build-up which is a very familiar and troublesome problem in calcium systems. 
This system is similar to the one described by Bovin although they still used 
the calcium system but at much lower levels of hardness than conventional 
14 
systems. Other advantages that resulted from less clogging in the system 
due to calcium scale deposits are constant air flow which reduces brightness 
fluctuations and lower energy consumption due to increasing pump head, 
20 
21 
necessary when cloggin occurs in the system. 
Finally, the results from the pictures taken with the scanning electron 
microscope (SEM) of the samples convincingly support the conclusion stated 
above. The pictures, two of each samples (one taken at a magnification of SOX 
and the other at 2SOX) clearly show the "junk" where the test results said it 
was, and clean fibers where the tests results said there were clean fibers. 
As mentioned earlier, it was impossible to determine exactly what the 
particles were, although it was easy to distinguish the "junk" from the 
fibers. 
Puleer Run A: 
Run #1: 
Run #3: 
Figure 4 
Procedure Data Sheet 
Water 
Waste 
Caustic 
Surfactant 
Steam 
pH 
Hardness 
Consistency 
Washing Stage 
Cheleting Agent 
Caustic 
pH 
Hardness 
Consistency 
Flotation Stage 
Cheleting Agent 
0leic Acid 
pH 
Hardness 
Consistency 
Washing Stage 
CaC1
2 
Caustic 
pH 
Hardness 
Consistency 
Flotation Stage 
CaC1
2 
0leic Acid 
pH 
Hardness 
Consistency 
400 gal 
200 o.o. lbs. 
600 grams 
2.0 lbs. 
T = 60
°
C 
10.27 
150 ppm 
6.0% 
2.75 liters 
200 grams 
9.5 
60 ppm 
1.2% 
2.5 liters 
165 grams 
9.9 
58 ppm 
0.60% 
1750 grams 
100 grams 
9.5 
243 ppm 
0.60% 
100 grams 
110 grams 
9.3 
240 ppm 
0.61% 
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Puleer Run B: 
Run #2: 
Run #4: 
Figure 4 
Procedure Data Sheet 
(Cont.) 
Water 
Waste 
Caustic 
Surfactant 
Steam 
pH 
Hardness 
Consi�tency 
Flotation Stage 
Cheleting Agent 
Oleic Acid 
pH 
Hardness 
Consistency 
Washing Stage 
Cheleting Agent 
Caustic 
pH 
Hardness 
Consistency 
Flotation Stage 
CaCl 
Caus€ic 
Oleic Acid 
pH 
Hardness 
Consistency 
Washing Stage 
CaC1
2 
Caustic
pH 
Hardness 
Consistency 
400 gallons 
200 O.D. lbs. 
600 grams 
2.0 lbs. 
T = 60°C 
10.27 
150 ppm 
6.0% 
2.25 liters 
110 grams 
9.4 
36 ppm 
0.90% 
0 .o 1 iters 
100 grams 
9.8 
30 ppm 
0.90% 
150 grams 
SO grams 
110 grams 
9.3 
254 ppm 
0.80% 
0.0 grams 
100 grams 
9.6 
245 ppm 
0.80% 
23 
RUN 
FINAL BRIGHTNESS 
INCREMENTAL BRIGHTNESS 
Pulper to First Stage 
First to Second Stage 
FINAL ASH CONTENT 
INCREMENTAL ASH 
Pulper to First Stage 
First to Second Stage 
Stage 1: Accepts 
Stage 1: Rejects 
Stage 2: Accepts 
Stage 2: Rejects 
#1 
62.7% 
1.6 pts. 
5.1 pts. 
2.08% 
3.85pts. 
6.08pts. 
#2 
77 .4% 
15.0 pts. 
3.7 pts. 
1.02% 
7.9 pts. 
4.54pts. 
Figure 5 
Test Results 
Puleer Run: A
0.00% 
4.74 
20.26 
25.73 
49.27 
Run #1 Run #3 
0.00% 0.00% 
4.59 2.23 
21.64 18.66 
26.56 24.51 
47.21 54.60 
0.00% 0.00% 
1.37 0.78 
7.17 4.31 
20.82 14. 51
70.65 80.39
0.00% 0.00% 
5.92 7.21 
22.37 21.97 
24.67 25.90 
47.04 44.92 
0.00% 0.00% 
1.54 3.88 
6.33 13.97 
10.39 19.28 
81.73 62.84 
Figure 6 
Clark Classifier 
#3 
61.1% 
4.4 pts. 
5.5 pts. 
6.87% 
7.7 pts. 
1.26pts. 
Puleer -Run: B 
0.00% 
6.69 
16.98 
23.67 
52.66 
Run #2 Run #4 
0.00% 0.00% 
4.44 16.32 
21.50 28.32 
16.04 11.99 
58.02 43. 34 7
0.00% 0.00% 
1.86 2.12 
7.82 13 .13 
4.01 12.58 
86.32 71.97 
0.00% 0.00% 
15.93 29.29 
46.46 22. 96
21.79 26.91
15.82 20.84
0.00% 0.00% 
5.07 ,. 5.48 
18.84 21.00 
24.64 35.62 
51.45 37.90 
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#4 
76.9% 
20.3 pts. 
1.9 pts. 
1.02% 
12.35pts. 
1.15pts. 
SUGGESTIONS FOR FURTHER STUDIES 
A close look at the effects of the sodium chemistry on the final product 
produced, and the equipment used in the deinking system, should be studied. 
It was assumed that the benefits of this system exist because no data was 
available from Dr. A Schlager nor were any studies found on that subject 
It would also be interesting to know the effects of adding either more 
stages of flotation or more stages of washing on the system and on the final 
product since the manufacturers demand higher brighness than obtained in this 
experiment. 
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